Historic,  archived  document 

Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


Pi  3?/ 

'  Jf3/A 

C+4>-  Z 


L 

1  B 

R  A  R  Y 

'!    ■    "ORD 

NOV 

2 1 1956     * 

u.  s. 

- 

UEPARTMENT  OF  AGRICULTURE 

ARS-73-13 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 


Agricultural  Research  Service 


A  NEW  RAPID  EVAPORATOR 


FOR  MAKING 


HIGH-GRADE  tfAPLE  SIRUP 


July    1956 


A  NEW  RAPID  EVAPORATOR  FOR  MAKING  HIGH-GRADE  MAPLE  SIRUP 


By  Eugene  0 .  Strolle,  Roderick  KL  Eskew,  and  Joseph  B.  Claffey 

Eastern  Regional  Research  Laboratory* 
Philadelphia  18,  Pennsylvania 


I nt roduct  i  on 


An  important  factor  in  the  grading  of  maple  sirup  is  color  (I);  liohter 
colored  sirups  usually  command  a  premium  price.   In  general,  the  lightest 
sirups  are  made  from  first-run  maple  sap,  the  sirup  becoming  darker  at  the 
season  progresses   Using  the  processing  techniques  and  equipment  available 
at  the  present  time,  the  producer  has  little  control  over  the  color  of  his 
final  product.   In  order  to  remedy  this  and  to  increase  the  production  of 
lighter  grade  sirup,  a  high-speed  steamheated  tube-type  evaporator  has  been 
developed  at  this  laboratory.   For  brevity  it  is  referred  to  here  as  the 
Ri A, E. --Rap i d  Atmospheric  Evaporator. 

The  use  of  the  R,A  E    coupled  with  its  holding  chamber,  permits 
control  of  color  development.   Late-season  sap,  which  would  give  lower 
grade  sirups,  can  now  be  made  into  lighter  premium  grade  sirup.   It  is 
recognized  that  the  terms  "early-season  sap"  and  "late-season  sap"  are  not 
definitive.   They  refer  in  these  experiments  to  saps  which  when  processed 
in  an  open  pan  give  respectively  light  (eg,  color  index**  0  42)  and  dark 
(e.g.,  color  index  0.83)  sirups,   "Late-season  sap"  was  tapped  from  the  same 
"bush"  as  "early-season  sap",  but  about  15  days  later- 

Since  the  new  evaporator  requires  steam  it  would  not  be  suitable  for  the 
average  farm    It  would  logically  be  used  in  a  centrally  located  cooperative 
or  plant  where  it  would  convert  maple  sap,  which  had  been  partially  concen- 
trated on  the  farm,  to  sirup.   Though  sap  can  be  evaporated  to  sirup  in  a  few 
seconds  by  a  single  pass  through  the  R  A,E,„  partial  concentration  to  about 
2 0%  solids  by  open  pan  on  the  farm,  and  then  finishing  to  sirup  in  the  R.A.E., 
is  more  advantageous 


*A  Laboratory  of  the  Eastern  Utilization  Research  Branch,  Agricultural  Research  Service. 
United  States  Department  of  Agriculture. 

**color  index,  a  '  *-  a.cri  (86.3/bc).  where  450  is  the  observed  absorbance  at  450  ix,    b  is  the 

1   CM.     45° 
DEPTH  OF  SOLUTION   IN  CENTIMETERS  (1  CM.   IN  THESE  EXPERIMENTS).   AND  C  IS  THE  GRAMS  OF  SOLIDS 
AS  SUCROSE  PER  100  ML.  AS  DETERMINED  ON  AN  ABBE  RE F RA CTOME TE R . 


Limitations  of  The  Present  Method  of  Sirup  Making 

the  major  drawback  of  the  conventional  open-Dan  method  of  making  maple  sirup 
is  the  lack  of  control  over  color  and  flavor    When  Si  rup  is  made  in  the  open  pan, 
two  operations  are  carried  out  simultaneously'   (1)  removal  of  water  and  (2)  color 
and  flavor  development    Better  control  of  color  and  flavor  would  result  if  their 
development  were  separated  as  far  as  practicable  from  concentration, 

--,.  Another  problem  sn  ope.atng  a  ss  rup  pan  is  control  of  drawoff,   Continuous 
drawoff  of  65j5§  Br  i x. s i rup  is  not  feasible  w,th-small  pans  because  the  finished 
sjrup  flows  at  a  very  slow. rate  with  respect  to  the  rate  of  sap  feed:   Even  with 
•Ufge  pans  close  attent.on  and  consderable  skill  are  required  if  a  sirup  of 
uniform  solids. is  to  result    Periodic  drawoff  causes  nonun i f o rm i ty  and  unstable 
cond i t ions  i n  the  pan*   Some  operators  have  found  st  desirable  to  drawoff  sirup 
•before  it  is  fully  concentrated   fjnish.ng  it  batchwise  by  bo  sling  st  in  a 
separate  container^ .,   .,  .. 

Maintenance  of  uniform  sirup  quality  throughout  the  season  >s  a  further 
probieffl;  with  th^  conventional -system.   As  the  season  advances  the  character  of 
the  sap  changes    Late-season  sap  gives  darker   less  valuable  sirup  for  a  given 
heat  exposure  than  ;ea r 1 y-sea son  sap  ,  Yet   because  the  so! ids  content  of  the  sap 
may  r-envain  the  same,  the  same  heat  exposure  ss  r.equ  3  red  to  concentrate  it  to  sirup, 
Thu=S',  <lja.rk  sirup  common  i,y,  results 

S4)ft-  j  T^he  ff  o  rego  i  n£g  diff.eui.t  ,es  can  be  largely  overcome  by  use  of  the  rapid 
atmosoheric  evaporator 
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Ex  fen  s  i  v'e  wo  rk  h 
*'iTfruit  juices  at  atmos 
'lis ed'  in  the s'e  e ri g: i-n e e 
'  - 'e*qiM  pmentV   The  resui 
quality  can  be  df awn 
tubes  so  rapidly  that 
shown  that  in  no  rmal 
•about  M- 5%    sugar  to  st 
entire  time  in  the  pa 
,  a  few  secpnd.s  for, t hi 
Labo  ratory  by  Will  i ± s 
showed  that  length  of 
factors  in  color  deve 
formation  beg  ins  to  i 
cu 1 ty  of  con  t  rol 1  i  ng 
almost  s n stan taneous 1 
development  is  rapid 


The  Rapid  Atmospheric  Evaporator 


as  been  done  at  thss  Laboratory  on  rapidly  concentrating 
pheric  pressure  without  heat  damage    Some  of  the  principles 
rung  studies  have  been  appied  to  the  design  of  maple-sirup 
t  has  been  a  Simple  apparatus  from  whjch  sirup  of  high 
off  continuously.   E vapor  at. on  is  carried  out  in  steamheated 

the  heat  effects  are  v  e .• y  sight    It  has  recently  been 
open-pan  evaporation-  the  t.me  ,equ;red  to  concentrate  from 
andard  density  is  about  1-0  mnutes   nearly  one-third  of  the 
n    !n  the  high-speed  evaporator   the  time  is  shortened  to 
s  stage  of  the  evapo.atson    Investigations  made  at  this 
and  coworkers  (2)  on  t,  o  <  o  ,  development  of  maple  sirup 
time  of  bo.iing  and  solids  content  of  sirup  were  important 
iopment    A  b  o  v  e  a  sugar  content  of  ^5%    the  rate  of  color 
ise  rapidly   and  t  h  j  s  is  one  of  the  reasons  for  the  diffi- 
the  coio,  in  the  open  pan    'n  the  R  A  E   the  sirup  is  passed 
y  thiough  the  h  gher  concent.at  on  stages  where  color 


Description 


A  pilot-plant  size  rapid  atmospheric  evaporator  for  maple  siru 
Figure  I.  The  path  of  the  sap  through  the  evaporator  is  shown  in  t 
(Figure  2).  The  unit  consists  of  a  tank  A  which  holds  the  feed  (sa 
concentrate).  From  this  tank  the  feed  is  supplied  at  a  constant  ra 
through  a  flowmeter  C  into  a  preheater  D.  The  preheater  is  a  30-in 
jacketed  tube,  1/8  in.  outside  diameter,  made  of  316  stainless  stee 
thermometer  E  at  the  preheater  outlet  indicates  the  temperature  of 
it  leaves  the  preheater  and  enters  the  vaporizer  tube  F,  another  30 
jacketed  tube  made  of  316  stainless  steel,  but  with  an  outside  d i am 
In  Figure  I,  vaporizer  F  is  directly  behind  preheater  D.  The  large 
used  in  the  vaporizer  section  because  of  the  enormous  expansion  in 
occurs  on  vaporization.  The  steam  pressure  to  the  preheater  and  va 
is  controlled  by  regulating  valve  J.  The  mixture  of  vapor  and  siru 
vaporizer  at  a  very  high  speed  past  the  stem  of  a  dial-type  maple-s 
eter  G.  This  thermometer  (3)  was  developed  by  C.  0.  Will  its  of  thi 
for  use  in  open-pan  evaporators.  The  mixture  of  vapor  and  sirup  th 
separator  H  from  which  the  vapor  escapes  at  the  top  and  the  sirup  f 
receiver.  A  bypass  valve  permits  the  sirup  to  be  directed  to  a  ste 
ing  chamber  I  where  it  can  be  held  hot  to  intensify  flavor  if  desir 
ily  the  sirup  as  discharged  from  the  separator  will  have  only  the  h 
delicate  maple  flavor.  Retaining  it  hot  in  a  holding  chamber  will 
flavor,  but  may  also  tend  to  impart  a  slight  caramel  taste  to  the  s 
actual  practice  a  holding  chamber  would  probably  not  be  necessary. 
flavor  of  early-season  sirup  could  be  increased  if  necessary  by  con 
the  open  pan  to  a  higher  degree,  e.g.,  40°  Brix,  or  the  very  light- 
delicately  flavored  sirup  could  be  held  to  upgrade  the  late-season 
bl end  ing. 
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F  i  gu  re  I 
RAPID  ATMOSPHERIC  EVAPORATOR  FOR 
PILOT-PLANT  USE 


F  i  gu  re  2 


DIAGRAM  OF 


RAPID  ATMOSPHERIC 


EVAPORATOR 


Experimental  Operation 

Sap  and  partial  concentrates  were  concentrated  to  sirup  in  the  R  ,  A  ,  E  ,   The 
partial  concentrates  of  varying  suqar  content  (18  —  31%)  were  prepared  from  early- 
and  late-season  sap  in  an  oil-fired  50-gal 1 on-pe r-hou r  conventional  open  pan  which 
was  installed  in  a  farm  suqar  house    These  partial  concentrates  were  hot  packed 
to  insure  their  sterility  and  stored  at  0°  F   pending  their  use. 

Prior  to  evaporation   the  partial  concentrates  were  filtered  into  the  feed 
tank  through  a  felt  cloth  of  the  type  usually  used  in  filtering  maple  sirup= 
This  filtration  removes  the  sugar  sand  which  would  have  a  harmful  abrasive  effect 
on  the  pump, 


it  was  then 
rate  in  the  rang 
meter  in  the  line 
solutions  of  the 
tested  The  feed 
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pumped  from  the  feed  tank  to  the  preheater  inlet 
e  of  from  !  Z    to  1.5  gallons  per  hour:  as  indicat 

This  meter  had  been  previously  calibrated  for 
same  Brix  range  as  the  maple  sirup  partial  concen 

rate  was  controlled  by  adjusting  the  opening  of 
ine    Sn  earlier  runs  the  feed  was  heated  to  190- 

prolonged  operation  at  this  temperature^  scale  f 
ecreasjng  the  heat-transfer  rate.  This  was  overc 
18°  F,  in  the  preheater.  The  feed,  when  superhea 
a -.,  flashes  more  rapidly  into  vapor  on  entering  th 
and  preventing  scale  formation  To  attain  this 
reheater   a  jbcket  steam  pressure  of  12  to  15  pou 

be  adea  u ate 
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For  the  evaporation  of  the  required  amount  of  water,  the  vaporizer  was  heat- 
ed with  steam  at  55  to  60  pounds  per  square  inch,   A  dial  thermometer  at  the 
outlet  of  the  vaporizer  indicated  the  sugar  content  of  the  product.   By  checking 
the  sugar  content  frequently  by  a  hand  ref ractomete r  and  observing  the  dial 
thermometer  reading   it  was  found  that  as  a  result  of  the  superheating  which 
occurs  in  the  vaporizer  a  thermometer  reading  5  to  7°  above  the  usual  "sirup" 
reading  indicated  66   Br;x  sirup    Once  sirup  of  correct  density  was  flowing.; 
all  the  operatina  conditions  (steam  pressures  and  feed  rate)  were  kept  constant, 
and  the  sirup  was  collected  continuously  in  receivers  set  in  an  ice  bath  to 
minimize  any  further  heat  effects 

Color  and  Flavor  of  R  A  _  E   Sirups 


As  miaht  be  expected   early-season  sao  which  gave  US.  Fancy  sirup  in  the 
open  pan  qave  the  same  orade  in  the  R  A  E    The  color  indices  of  the  R  A  E   and 
open-pan  sirups  were  0  32  and  0  12   respectively    Partial  concentrates  of  18  to 
25%  suoar  made  from  late-season  sap  and  then  finished  in  the  rapid  atmospheric 
evaporator  yielded  US   Fancy  maple  sirup  (color  index  0.50)=   The  same  sap  made 
into  sirup  in  the  open  pan  gave  a  product  with  a  color  index  of  0  83    See  Figure  3 
Late-season  partial  concentrates  above  25%   e  g    31%  solids,  yielded  a  sirup  that 
was  a  trifle  darker  than  U  S   Fancy  (0  60).   Therefore   in  order  to  produce  liqht 
sirup  from  late-season  saD   concentration  in  the  pan  should  not  go  above  about 
25%  suoar. 


-  5  - 


Rapid  Atmosphe  r  i  c 
Evapo  rato  r 
Color  Index  0.500 


Open  Pan 
Col  or  I  ndex  0  .830 


Fi  gu  re  3 

Sirup  from  Late-Season  Sap 

The  flavors  of  the  sirups  produced  in  the  rapid  atmospheric  evapor- 
ator were  compared  with  a  commercial  U.S.  Fancy  sirup  and  two  other 
darker  sirups  which  contained  different  amounts  of  caramel.   The  sirups 
produced  by  the  R.A.E.  possessed  no  detectable  caramel  flavor,  had  no 
off-flavors,  and  possessed  a  true,  delicate  maple  flavor  characteristic 
of  commercial  U.S.  Fancy  sirup. 

Advantages  of  Using  Partial  Concentrates 

Most  of  these  experiments  were  conducted  using  partial  concentrates 
(e.g.,  20%  sugar)  because  this  is  the  most  practical  means  of  using  the 
R.A.E.  Some  work,  however,  was  done  with  sap,  which  yielded  an  essen- 
tially colorless  and  flavorless  sirup  that  would  have  required  further 
heat  treatment  to  produce  a  satisfactory  maple  sirup.  There  are  a  number 
of  advantages  of  using  partial  concentrates  in  the  R.A.E.,  among  which 
are  the  following: 


I.   It  permits  the  farmer  to  make  effective  use  of  his  existing  pan 
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St  facilitates  controi  of  pan  operation  and  permits  continuous  draw- 
off  because  product  (partial  concentrate)  volume  is  larger  and 
accurate  control  of  solids  is  not  necessary: 

Bulk  is  reduced  to  about  one-tenth  that  of  sap;  reducing  storage  and 
subsequent  processing  costs; 

The  product  is  stable  permitting  temporary  storage  at  the  central 
sirup  p 1  an  t  o 

Practical  Applications 
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The  unit  described  in  this  paper   s  of  p  :  i  o  t  ~  p  i  a  n  t  experimental  size  and 
handles  1-1/2  gallons  per  hour  of  feed;   Construction  drawings  including  a  bill 
of  material  of  a  larger  unit  having  a  capacity  of  about  100  gallons  per  hour 
feed  may  be  obtained  from  the  Eastern  Utilization  Research  Branch,  Philadelphia 
18   Pennsylvania^ 
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